Abstract
Introduction
Phononic crystal (PC) is a sort of artificial periodicalstructure composed of different materials. The study of phononi crystals has attracted wide attention in the past decades [1] [2] [3] [4] [5] because it gives birth to complete acoustic band gaps within which elastic waves can't propagate while in other frequencies range they can transmit without amplitude fading. PC has a broad application prospect in many fields. For example, PCs can be used to control the propagation of elastic waves due to the presence of band gaps [6, 7] , such as vibration isolation and noise reduction.
Recently, the research on PCs have evolved into a new trend, that is, from traditional phononic crystals which are made by elastic materials to phononic crystals made by piezoelectric(PE) and piezomagnetic (PM). There are lots of reseaches about piezoelectric PCs. Rodriguez-Ramos et al. [8] applied the global matrix method to find the behavior of transmission coefficients for shear horizontal wave propagation with oblique incidence in piezocomposite layered systems. Degraeve et al. [9] studied the width of stop bands in a superlattice made of alternate rods constituted of piezoelectric ceramic and elasic materialWang et al. [10] studied the stop band properties of elastic waves in threedimensional piezoelectric phononic crystals with initial stress by taking the mechanical and electrical coupling into account. Guo and Wei [11] studied the effects of mechanically and dielectrically imperfect interfaces on dispersion relations of elastic waves in a onedimensional piezoelectric phonoic crystal. Bian et al. [12] investigated band gaps are tuned as the temperature changed. There are also some researches on piezoelectric/piezomagnetic PCs. Pang et al. [13] studied dispersive behavior and band structure of SH waves in magnetic-electric periodically layered plate by the transfer matrix method. Sun et al. [14] assumed that the interface in the composite is damaged mechanically, magnetically or electrically, and then obtained for two kinds of electricmegnetic boundary conditions at the free surface. Kuo and Chen [15] studied the effective magnetoelectricity of piezoelectric-piezomagnetic fibrous composites with imperfect
Constitutive and Governing Equations for Elastic/PE/PM PC
The one-dimensional (1-D) elastic/PE/PM periodic laminated structure consists of elastic layers, piezoelectric layers and piezomagnetic layers alternately. The local orthogonal Cartesian coordinates system, namely ( ), are established with the origin at the left boundary of each sub-layer.
axis is perpendicular to the planar interface in K-th unit cell. This model system is illustrated in Figure 1 . The unite cell consists of three materials, elastic material, piezoelectric matrial (PE) and piezomagenatic material (PM). The width in the -direction is much larger than the lattice length, so it can be seemed as an infinite length. , and are the widths of the elastic, PE and PM phases, respectively. Therefore, the lattice length are given by
(1) For the layered magneto-electro-elastic solid, the fully coupled constitutive relation can be written as
where , and are the stress tensor, electric displacement and magnetic induction, respectively; , and are the stiffness tensor, dielectric and magnetic permeability tensor, respectively; , and are the PE, PM and meganeto-electrico coefficient tensors, respectively; , and are the strain tensor, electrical field and magnetic field, respectively. The constitutive relation of PE phase or PM phase will be respectively getten by taking or .
In this paper, the transversely isotropic PE and PM materials are considered. The stiffness tensor, PE coefficient and PM coefficient can be expressed as
where other elements equal to zero. The strain-displacement relation, the equation with the electric field and an electric potential and the equation with the magnetic field and a meganetic potential are given, respectively,
When SH-wave propagating through the structure with an angle ( ⁄ ) the displacements in directions and the magnetic potential can be written as
By substituting Eqs. (4) and (5) into Eq. (2), the governing equtaions for the elastic , PE and PM medium can be respectively obtained as,
̈ ,
̈ , (8) Where the superscripts A, B and C denote the elastic, PE and PM material, respectively.
For the present crystals, the solution to Eqs. (6)~(8) have the form
where * + are the displacement, electric potential and magnetic potential; and * + are the amplitudes of the displacement, electric potential and magnetic potential; is the angular frequency;
, is the Bloch wave vector and is the propagating angle. Inserting Eq. (9) into Eqs. (6)~(8) yields
where , , , , and are undifined coefficients;
Then the corresponding stress, electric dis-placement and magnetic induction component will be obtained by inserting Eqs. (10)~ (12) into Eq. (2),
By setting a state vector ( ) ( ) , the pysical relationship of the left and right side in a phase can be expressed as
where the subscript denotes different phase in a unit cell. Then for a unit cell consisting of an elastic phase, a PE phase and a PM phase, the total transfer matrix of the unit cell will be derived as
where ( ) which can be derived from Eq. (16) are listed as follow, (
,
Meanwhile, the state vectors in the left and right side of the unit cell satisfy the Bloch theorem in periodic structure,
Then, from Eq. (17) and Eq. (18), we will get that (20) which is the dispersive relation of the SH wave propagating through the structure. From Eq. (20) the "pass bands" and "stop bands" will be gotten.
Example and Numerical Results
In this example, the elastic, PE and PM material are polythene, PZT-4 and CoFe 2 O 4 , respectively. We will mainly talk about the component ratio effect on band gaps. For a unit cell, the component ratio change from 2:1:1 to 1:2:1, and then to 1:1:2. The material coefficents are given in Table 1 . Figure 2 , the component ratio is 2:1:1. The elastic material is the major part in the structure.
, and are respectively dimensionless x and y label where ⁄ , ⁄ and ⁄ . In Figure 3 , the component ratio is 1:2:1. The piezoelectric material is the major part in the structure.
, and are still dimensionless x and y label, respectively. Compared with Figure 2 , it can be found that the first band gap get narrower in both two 
Conclusion
The influences of component ratio on dispersive curves in 1D elastic/PE/PM periodic structure are investigated in this paper. The normal and oblique propagating angles are considered. It can be found that: The influences can be observed obviously when the component ratio changes from 2:1:1 to 1:2:1, and furthermore to 1:1:2. The stiffness coefficients have more effect on band gaps than the density. With the increasing of the values of stiffness coefficients, most of the dispersive cures turn to higher frequency, but some of them still turn to lower frequency. The first and second band gaps are noticeably affected, but the tendencies are very different in the figures 2~4. For example, the width of the first band gap turn to smaller in figure2, to smoothly smaller in Figure 3 , but almost be not changed in Figure 4 . The width of the second band gap turns to larger in figures 3 and 4, but to smaller in Figure 2 . According to these results we can adjust the position og band gaps to satisfy different requirements in production. 
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